EP 1414 918 B1

Patent Office

(1 9) ) i Hllm”‘ ‘llH H“‘ Hll‘ |H‘| Hl‘l |’”| Hm ‘lm |H‘| |H|‘ ’l”l |H‘| Hll‘
Patentamt
0 European

Office européen
des revets (11) EP 1414 918 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.
of the grant of the patent: C09D 123/10(2006.01) C09D 171/12(2006.01)
23.06.2010 Bulletin 2010/25 C09D 125/06 %005
(21) Application number: 02782492.9 (86) International application number:
PCT/US2002/021078

(22) Date of filing: 02.07.2002
(87) International publication number:

WO 2003/004573 (16.01.2003 Gazette 2003/03)

(54) CORROSION-RESISTANT PIPE AND METHOD FOR THE PREPARATION THEREOF
KORROSIONRESISTENTES ROHR UND VERFAHREN ZU DESSEN HERSTELLUNG
CONDUIT RESISTANT A LA CORROSION ET SON PROCEDE DE FABRICATION

(84) Designated Contracting States: (74) Representative: Bublak, Wolfgang et al
ATBEBGCHCY CZDEDKEEESFIFRGB GR Bardehle, Pagenberg, Dost, Altenburg, Geissler
IEIT LI LU MC NL PT SE SKTR Galileiplatz 1

81679 Miinchen (DE)

(30) Priority: 02.07.2001 JP 2001201172
28.06.2002 US 186046 (56) References cited:

EP-A- 0449 087 US-A-4 892 904

(43) Date of publication of application:

06.05.2004 Bulletin 2004/19 * PATENTABSTRACTS OF JAPANvol.015, no. 347

(P-1246), 3 September 1991 (1991-09-03) & JP 03

(73) Proprietor: SABIC Innovative Plastics IP B.V. 130765 A (MITSUBISHI CABLE IND LTD), 4 June
4612 PX Bergen op Zoom (NL) 1991 (1991-06-04)

« PATENTABSTRACTS OF JAPAN vol.018,no.291

(72) Inventors: (C-1208), 3 June 1994 (1994-06-03) & JP 06 057008

¢ AMAYA, Yoshinori A (ASAHI CHEM IND CO LTD), 1 March 1994
Susono City, (1994-03-01)

Shizuoka Prefecture (JP)
¢ SATO, Takumi
Utsunomiya City (JP)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55
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Description

[0001] The present invention relates to a pipe having its surface covered with a resin protective layer. In particular,
the present invention relates to a pipe part material that can be used in any environment such as underground, indoors,
or outdoors, has extremely wide application scope, and is appropriate for use as pipes for transportation of gas, petroleum
materials, water, etc.

[0002] Steel pipes having a corrosion-proof protective layer in which the outer surface of the steel pipe has been
covered with a comparatively thick thermoplastic resin film or cover, etc., in order to protect the steel pipe from corrosion
have been widely used as pipelines for petroleum (crude oil), city gas supplying pipes, plant pipes, tap water or hot
spring water supplying pipes, etc. Also, steel articles other than pipes, such as steel pipe pickets, steel plates, shaped
steel, bar steel, etc., have utilized surface coverings of corrosion-proof resin.

[0003] Asthethermoplastic resin used in the protective layer of these steel materials, polyolefins such as polyethylene,
polypropylene, etc., have mainly been used, however, poly(vinyl chloride) resin, different polyamide resins, different
fluorinated resins, different saturated polyester resins, etc., have also been used depending on the usage environment
and required properties.

[0004] For example, a steel pipe having its surface covered with polyolefin resin as well as a pipe coupling has been
presented in Japanese Patent Publication No. Sho 52 - 94519.

[0005] However, there existed good and bad points for each of these different thermoplastic resins, and a material
having corrosion-proof characteristics that could protect the steel pipe under all types of environment could not be
necessarily obtained. For example, the polyolefin variety that is used in most of the cases for a corrosion-proof covering
of the steel material has excellent chemical resistance but low heat resistance, poor weatherability, and high combus-
tibility. Also, its adhesion to steel is poor, and as a result a complicated manufacturing process is required in which a
modified polyolefin adhesive layer is applied over a coating of epoxy primer.

[0006] Also, the poly(vinyl chloride) resin has excellent flame retardance but low stability, and hydrochloric acid is
gradually released. Moreover, polyamide and saturated polyester resins have high moisture absorption and thus possess
low electric resistance in underground environments, particularly underground in damp soil. There therefore exists a
possibility of the main material getting electrically corroded. Fluorinated resin has excellent corrosion resistance, flame
retardance, stability, and electrical resistance, but it is extremely expensive and moreover has poor adhesion to steel,
which detracts from its corrosion-proofing properties. Furthermore, since it has a high melting point, it requires a high
temperature of more than 400°C for its adhesion.

[0007] The formation of a protective layer from polyphenylene ether resin has also been proposed. For example,
Japanese Patent Publication No. Hei 8 - 238717 describes a steel pipe possessing a covering formed from a polyphe-
nylene ether resin composition containing (1) 100 parts by weight of a resin component formed from polyphenylene
ether resin (A) contained in a quantity of 10 to 100 % by weight and styrene polymer (B) contained in a quantity of 90
to 0 % by weight, (2) 0 to 50 parts by weight of a rubber component formed from styrene rubber polymer, and (3) 0 to
40 parts by weight of a flame retardant.

[0008] However, the polyphenylene ether resin described in the Japanese Patent Publication No. Hei 8 -238717 has
low chemical resistance compared to that of polyolefin resin, so-excellent corrosion-proofing could not be obtained even
by forming a protective layer. Also, use of the polyphenylene ether resin or its composition was associated with problems
such as poor adhesion, a complicated manufacturing process, etc.

US-A-4892904 discloses compositions of polyethylene, polyphenyleneether, polystyrene and 8 parts of SEBS
JP-A-3130765 discloses a coating of metal pipes of polyphenyleneether

EP-A-448087 refers to a composition of polystyrene, polyphenyleneether, SEBS a graft polymer and impact modified
polypropylene

JP-A-6057008 discloses compositions of polystyrene,polyolefin and polyphenyleneether
[0009] The present invention aims at offering a resin-covered pipe that has high heat resistance and excellent flame
retardance, corrosion-resistance, chemical resistance, insulation properties, and sufficiently high adhesion to steel, as
well as low cost.
[0010] One embodiment is a corrosion-resistant pipe, comprising:

a pipe; and

a protective layer covering a surface of the pipe, the protective layer comprising
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(A) 1 to 98 parts by weight of a polyphenylene ether resin,
(B) 1 to 98 parts by weight of a polystyrene resin,

(C) 1 to 98 parts by weight of a polyolefin resin,
wherein the total of (A), (B), and (C) is 100 parts by weight; and (D) 0.1 to 100 parts by weight of a compatibility
reagent per 100 parts by weight total of (A), (B), and (C),

[0011] The quantity of polystyrene resin (B) present in the resin composition mentioned above is preferably more than
10% by weight with respect to the total of polyphenylene ether resin (A) and polystyrene resin (B).

[0012] In the above embodiments, the compatibility reagent (D) is a hydrogenated styrene - diene block copolymer,
which has a styrene content more than 60% by weight.

[0013] Inthe presentinvention, the protective layeris preferably a film formed from the resin composition or an injection
molded product of the resin composition.

[0014] A detailed explanation of the corrosion-resistant pipe of the present invention is given below.

[0015] The surface of the corrosion-resistant pipe of the present invention is covered with the resin composition
containing polyphenylene ether resin (A), polystyrene resin (B), polyolefin resin (C), and compatibility reagent (D).

Polyphenylene ether resin (A)

[0016] There is no particular restriction on the material that can be used as polyphenylene ether resin (PPE resin)
and well-known materials can be used. Suitable PPE resins include polymers having structural units shown by the
general formula (I) below

[Formula 11
Yy R, '
— O v (1)
R R
L 4"

wherein, each of Ry, Ry, R, and R, is hydrogen atom, halogen atom, hydrocarbon radical, substituted hydrocarbon
radical, alkoxy radical, cyano radical, phenoxy radical, or nitro radical; and n is an integer showing the degree of polym-
erization.

[0017] The polyphenylene ether resin used in the present invention can be in form of a homopolymer formed from
one type of structural units shown by the general formula given above or can be in the form of a copolymer having two
or more than two types combined.

[0018] Concrete examples of Ry, Ry, R3, and Ry, include radicals such as chlorine, bromine, iodine, methyl, ethyl,
propyl, allyl, phenyl, benzyl, methyl benzyl, chloro benzyl, bromomethyl, cyanoethyl, cyano, methoxy, ethoxy, phenoxy,
nitro, etc.

[0019] Concrete examples of the polyphenylene ether resin include poly (2,6 - dimethyl - 1,4 - phenylene ether), poly
(2,6 - diethyl -1,4 - phenylene ether), poly (2 - methyl - 6 - ethyl - 1,4 - phenylene ether), poly (2 - methyl - 6 - propyl -
1,4 - phenylene ether), poly (2,6 - dipropyl - 1,4 - phenylene ether), poly (2 - ethyl - 6 - propyl - 1,4 - phenylene ether),
poly (2,6 - di methoxy -1,4 - phenylene ether), poly (2,6 - dichloro methyl - 1,4 - phenylene ether), poly (2,6 - dibromo
methyl - 1,4 - phenylene ether), poly (2,6 - diphenyl - 1,4 - phenylene ether), poly (2,6 - di toluyl - 1,4 - phenylene ether),
poly (2,6 - dichloro - 1,4 - phenylene ether), poly (2,6 - dibenzyl - 1,4 - phenylene ether), poly (2,5 - dimethyl -1,4 -
phenylene ether), etc.

[0020] An especially preferred PPE resin is the polymer having alkyl radicals, particularly, alkyl radicals having 1 to 4
carbon atoms, as the Ry and R, occurring in the formula (1) given above, and n is preferably more than 50. Preferred
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PPE resins further include copolymers comprising units in which the polyphenylene ether structural units given above
are trialkyl-substituted, such as copolymers comprising 2,3,6 - trimethyl - 1,4 - phenylene ether units. Also, the copolymer
in which styrene compound has been grafted onto the PPE can be used. As regards the styrene compound used for
grafting, styrene, alpha-methyl styrene, vinyl toluene, chloro styrene, etc. can be used.

Polystyrene resin (B)

[0021] The polystyrene resin itself is well known and is a material comprising at least 25% by weight of the structural
units shown by the general formula (Il) given below

[Formula 2] FRC—CHE 3 -

; _
(‘p) an

wherein R is a hydrogen atom or an alkyl radical having | to 4 carbon atoms, Z is a halogen atom or an alkyl radical
having 1 to 4 carbon atoms, and p is an integer from 0O to 5.

[0022] Polystyrene resins include homopolymers of styrene or its derivatives, as well as copolymers with p - methyl
styrene, alpha-methyl styrene, alpha-methyl - p - methyl styrene, chlorostyrene, bromostyrene, etc. Polystyrene copol-
ymers may further include copolymers of the above homopolymers and copolymers with polybutadiene, polyisoprene,
butyl rubber, EPDM, ethylene - propylene copolymer, natural rubber, mixtures of natural such as epichlorohydrin or
synthetic elastomer material or styrene polymer modified by it. Polystyrene copolymers further include copolymers
containing styrene, such as styrene - acrylonitrile copolymer (SAN), styrene - butadiene copolymer, styrene - maleic
anhydride copolymer, and styrene - acrylonitrile - butadiene copolymer (ABS). The preferred styrene polymers for the
present invention are homopolystyrene and rubber-reinforced polystyrene.

[0023] The weight average molecular weight of the polystyrene resin used in the present invention is preferably more
than 30,000, more preferably more than 50,000.

[0024] Use of a polystyrene resin having such a molecular weight contributes to the excellent heat resistance, me-
chanical strength, flowability, and dimensional stability of the composition.

Polyolefin resin (C)

[0025] The polyolefin resin used in the present invention is a homopolymer or copolymer having more than 50% by
weight of alpha-olefin such as ethylene, propylene, 1 - butene, 4 - methyl - | - pentene, etc. Examples of polyolefin resins
include polyethylene resin, polypropylene resin, and ethylene - propylene copolymer, with polypropylene resin being
preferred.

[0026] The polypropylene resin is a crystalline polymer obtained by carrying out polymerization using propylene mon-
omer as the main component. Other than propylene, a block copolymer or random copolymer of alpha-olefin other than
ethylene etc. can be used. In the case of the copolymer formed with ethylene, the content of structural units derived
from ethylene is preferably within the range from 1 to 10 % by weight. Suitable polypropylene resins may have a melt
flow rate within the range from 0.01 to 100 g/10 min (MFR, JIS K7210, load 2.16 kg, 230°C). Moreover, as regards the
polypropylene resin, propylene random copolymer (called PPDM hereafter) containing non-conjugated diene co-mon-
omer etc. can also be used.

[0027] The weight average molecular weight of the polyolefin resin used in the present invention is preferably greater
than 20,000, more preferably greater than 30,000. Also, the MFR when measured at 230°C with the load of 2.16 kg is
preferably within the range from 0.1 to 100 g/10 min, more preferably within the range from 0.2 to 80 g/10 min.

[0028] Use of a polyolefin resin having such a molecular weight distribution contributes to the excellent mechanical
strength, flowability, and solvent resistance of the composition.
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Compatibility reagent (D)

[0029] The compatibility reagent is the material that has the ability to make polyphenylene ether resin (A), polystyrene
resin (B), and polyolefinresin (C) compatible, andin the presentinvention, a hydrogenated styrene - diene block copolymer
is suitable.

[0030] This hydrogenated styrene - diene block copolymer is an elastomeric block copolymer of a vinyl aromatic
compound represented by styrene and conjugated diene, and it is the copolymer in which a part or entire part of conjugated
diene block is hydrogenated (hydrogen added). Conjugated dienes suitable for forming the block copolymer include
butadiene, isoprene, chloroprene, etc.

[0031] Regarding the manufacturing method of the hydrogenated styrene - diene block copolymer, the method may
be used in which lithium catalyst or Ziegler type catalyst is used, and vinyl aromatic compound and conjugated diene
are successively polymerized in an inert solvent, and the molecule is bonded by carrying out a coupling reaction, as
needed. After carrying out the polymerization the polymer is hydrogenated. The hydrogen addition ratio should be at
least 50% of the conjugated diene soft block.

[0032] Preferably it should be more than 80%. Moreover, the hydrogen addition can be less than 25% of the aromatic
unsaturated bond present in the styrene group hard block.

[0033] Itis preferred to use a hydrogenated styrene - diene block copolymer having a content of structural units derived
from styrene (styrene content) greater than 60% by weight, more preferably greater than 65% by weight. Hydrogenated
styrene - diene block copolymers are known, for example, as the hydrogenated styrene - butadiene - styrene tri block
copolymer (SEBS) sold as TUFTEC H1043 by Asahi Kasai. The hydrogenated styrene - diene block copolymer may
have a number-average molecular weight within the range from 10,000 to 1,000,000, preferably within the range from
20,000 to 300,000. The number-average molecular weight of the hard block formed from styrene structural units present
in the block copolymer may be within the range from 1,000 to 200,000, preferably within the range from 2,000 to 100,000.
The number-average molecular weight of the conjugated diene soft block may be within the range from 1,000 to 200,000,
preferably within the range from 2,000 to 100,000.

Impact Modifier (E)

[0034] The impact modifier (E) is the material that is added in order to improve the impact resistance of the obtained
molded composition.

[0035] Impact modifiers include, for example, styrene group rubber form polymers such as butadiene - styrene copol-
ymer or its hydrogenation product, styrene - isoprene copolymer or its hydrogenation product, styrene - butylene copol-
ymer, styrene - ethylene - propylene copolymer, ethylene - propylene - styrene copolymer, etc.; ethylene - alpha - olefin
rubber form polymers such as ethylene - propylene copolymer, ethylene - butene copolymer, ethylene - propylene -
conjugated diene copolymer, etc.; natural rubber, butadiene polymer, isoprene polymer, chloro butadiene polymer,
butadiene acrylonitrile copolymer, isobutylene copolymer, isobutylene - butadiene copolymer, isobutylene - isoprene
copolymer, perfluoro rubber, fluorine rubber, chloroprene rubber, butyl rubber, silicone rubber, thiokol rubber, multi
sulfurized rubber, polyurethane rubber, polyether rubber, epichlorohydrin rubber, polyester elastomer, polyamide elas-
tomer, etc.

[0036] Among these examples of styrene rubber form polymers, it may be preferred to use butadiene - styrene co-
polymer or its hydrogenation product, styrene - isoprene copolymer or its hydrogenation product, styrene - butylene
copolymer, styrene-ethylene - propylene copolymer, ethylene - propylene - styrene copolymer, etc.; as well as ethylene
- alpha - olefin rubber form polymers such as ethylene - propylene copolymer, ethylene - butene copolymer, ethylene -
propylene - conjugated diene copolymer, etc.

[0037] A highly preferred styrene rubber form polymer is the elastomeric random copolymer or block copolymer of
vinyl aromatic compound represented by styrene and conjugated diene. As regards the impact modifier, a block copolymer
divided into styrene hard block and diene soft block is generally desired due to its high rubber elasticity. Examples of
the styrene block copolymer rubber include block copolymers comprising a styrene block (S) and a butadiene block (B)
(for example, linear block type such as SB, SBS, SBSBS, etc., as well as radial block type copolymers). Also, rubber
modified by a functional monomer containing a functional radical such as carboxylic acid, epoxy, etc. can also be used.
Moreover, in the case of using a hydrogenated material as the styrene rubber polymer, itis preferred to use a hydrogenated
styrene - diene block copolymer having a styrene content of less than 60 % by weight.

[0038] Many manufacturing methods have been proposed for the styrene block copolymer rubber, including, for ex-
ample, that described in Japanese Patent Publication No. Sho 40 - 2798. In this method, lithium catalyst or Ziegler type
catalyst is used and vinyl aromatic compound and conjugated diene are successively polymerized in an inert solvent
and molecule is bonded by carrying out a coupling reaction after succession polymerization as needed.

[0039] Commercially available examples of the styrene block copolymer rubber being used in the present invention
as impact modifier include, for example, KRATON D1101 (Shell Kabushiki Kaisha), and CARIFLEX (America Shell
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Chemical Kabushiki Kaisha).

[0040] The styrene block copolymer rubber may have a number-average molecular weight within the range from
10,000 to 1,000,000, preferably within the range from 20,000 to 300,000. The number-average molecular weight of the
vinyl aromatic hard block presentin the block copolymer rubber may be within the range from 1,000 to 200,000, preferably
within the range from 2,000 to 100,000. The number-average molecular weight of the conjugated diene soft block may
be within the range from 1,000 to 200,000, preferably within the range from 2,000 to 100,000. The weight ratio of vinyl
aromatic hard block / conjugated diene soft block may be within the range from 2/98 to 60/40, preferably within the range
from 10/90 to 40/60.

[0041] When an ethylene - alpha - olefin rubber copolymer is used as the impact modifier, it may preferably have an
ethylene content within the range from 30 to 93 mole %, more preferably within the range from 35 to 90 mole %. Such
an ethylene content contributes to the excellent impact resistance of the composition. Moreover, if the ethylene content
of the ethylene - alpha - olefin rubber copolymer mentioned above becomes more than 93 mole % or less than 30 mole
%, then the ethylene - alpha - olefin rubber copolymer mentioned above becomes highly crystalline and its effect as an
impact modifier is insufficient.

[0042] Also, the melt flow rate [MFR, value measured at 190°C with the load of 2160 g (AST D-1238 condition)] of the
ethylene - alpha - olefin rubber copolymer mentioned above at 190°C is preferably within the range from 0.1 to 80 g/10
min, more preferably within the range from 0.2 to 50 g/10 min. If the MFR of the ethylene - alpha - olefin rubber copolymer
mentioned above is within this range, then its impact modifying effect may be insufficient.

[0043] Also, the density of the ethylene - alpha - olefin rubber copolymer mentioned above is preferably less than 0.90
g/em3, more preferably within the range from 0.85 to 0.89 g/cm3. Furthermore, the ethylene - alpha - olefin rubber
copolymer mentioned above is preferably low crystalline or non-crystalline, and its crystallization density is preferably
within the range from 0 to 50 %, more preferably within the range from 0 to 40 %.

[0044] The alpha - olefin component of the ethylene - alpha - olefin rubber copolymer mentioned above has 3 to 18
carbon atoms, and examples include propylene, 1 - butene, 1 - hexene, 4 - methyl - 1 - heptene, 1 - decene, etc. These
can be used independently or by mixing two or more than two types. The ethylene - alpha - olefin rubber copolymer
mentioned above is usually the copolymer of ethylene component and alpha - olefin, however, it can contain a diene
component in a quantity of less than 5 mole %.

[0045] Concrete examples of the diene component include dicyclopentadiene, ethylidene norbornene, etc.

[0046] The resin composition being used in the present invention contains (A) to (C) mentioned above in a composition
of

(A) 1 to 98 parts by weight of a polyphenylene ether resin;
(B) 1 to 98 parts by weight of a polystyrene resin; and
(C) 1 to 98 parts by weight of a polyolefin resin;

wherein the total of (A) to (C) mentioned above is 100 parts by weight.

[0047] Thus, in the present invention, the composition may be formed containing all the components such as polyphe-
nylene ether resin (A), polystyrene resin (B), and polyolefin resin (C), due to which the pipe covering has high chemical
resistance, heat resistance, weatherability, strength, flame retardance, and excellent corrosion resistance. Moreover,
using the composition containing components (A) to (C) mentioned above has been used, an adhesive layer is not
required, thereby simplifying the process and reducing its price.

[0048] Also, with the proviso that the total of (A) to (C) is 100 parts by weight, (A) is preferably present in a quantity
within the range from 1 to 98 parts by weight, more preferably within the range from 3 to 94 parts by weight, and even
more preferably within the range from 5 to 90 parts by weight; (B) is preferably present in a quantity within the range
from 1 to 98 parts by weight, more preferably within the range from 3 to 94 parts by weight, and even more preferably
within the range from 5 to 90 parts by weight; and (C) is preferably present in a quantity within the range from 1 to 98
parts by weight, more preferably within the range from 3 to 94 parts by weight, and even more preferably within the
range from 5 to 90 parts by weight. If the quantity of polyphenylene ether resin (A) becomes less than the range mentioned
above, heat resistance becomes insufficient, whereas if it becomes more than that, then melt flow is impaired. Also, if
the quantity of polystyrene resin (B) becomes more than the range mentioned above, then melt flow is reduced, whereas
if it becomes more than that, then heat resistance is reduced. Furthermore, if the quantity of polyolefin resin (C) becomes
less than the range mentioned above, then solvent resistance and melt flow are impaired, whereas if it becomes more
than that, then mechanical strength and heat resistance are reduced.

[0049] The quantity of polystyrene resin (B) is preferably more than 10 % by weight with respect to the total of polyphe-
nylene ether resin (A) and polystyrene resin (B), more preferably within the range from 10 to 90 % by weight. Particularly,
if the polystyrene resin is contained in the quantity in the range mentioned above with respect to polyphenylene ether
resin, then the composition exhibits an excellent balance of mechanical strength, heat resistance, and melt flow.
[0050] Also, the compatibility reagent (D) is preferably contained in a quantity within the range from 0.1 to 100 parts
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by weight with respect to the total of 100 parts by weight of the components (A) to (C) mentioned above, more preferably
in a quantity within the range from 0.2 to 50 parts by weight. If it is contained in a quantity within the range mentioned
above, then the components (A) to (C) mentioned above can be mixed and dispersed in the composition homogeneously,
due to which the covering layer exhibits excellent mechanical properties.

[0051] An impact modifier (E) is optionally employed in the composition. It is preferably used in a quantity within the
range from 0 to 100 parts by weight with respect to the total of 100 parts by weight of the components (A) to (C) mentioned
above, more preferably in a quantity within the range from 1 to 50 parts by weight. If it is contained in the quantity within
the range mentioned above, then the covering layer exhibits excellent impact resistance.

[0052] Other high molecular weight compounds and different additives may, optionally, be compounded other than
the components (A) to (E) mentioned above, as long as they do not detract from the properties of the composition.
[0053] Such other high molecular weight compounds include, for example, copolymers of an alpha - olefin and a vinyl
monomer copolymerizable with it (for example, acrylic acid esters, methacrylic acid esters, vinyl acetate, styrene, acry-
lonitrile, glycidyl (meth)acrylate, etc.); adduct polymer type high molecular weight compounds such as poly(vinyl chloride),
poly(ethyl methacrylate), poly(vinyl acetate), poly(vinyl pyridine), poly(vinyl carbazole), polyacrylamide, polyacrylonitrile,
etc.; condensation type high molecular weight compounds such as polycarbonate, polystyrene, polyether sulfone, pol-
yethylene terephthalate, polybutylene terephthalate, polyallylene ester, polyphenylene sulfide, polyamide, polyacetal,
etc.; different thermal hardening type resins such as silicone resin, fluorine resin, polyimide, polyamide imide; as well
as phenol resin, alkyd resin, unsaturated polyester resin, di allyl phthalate resin, etc. The compounding quantity of these
other high molecular compounds is preferably less than 500 parts by weight with respect to the total of 100 parts by
weight of the components (A) to (C), more preferably less than 100 parts by weight.

[0054] Moreover, afiller may, optionally, also be compounded with the resin composition used in the present invention
with the aim of imparting strength and functionality, etc. Suitable fillers include glass fiber, carbon fiber, aramid fiber,
metal fibers such as aluminum and stainless steel, etc., as well as whisker-type fibers; as well as inorganic fillers such
as silica, alumina, calcium carbonate, talc, mica, clay, kaolin, magnesium sulfate, carbon black, TiO,, ZnO, Sb,03, etc.
The compounding quantity of these fillers is preferably less than 100 parts by weight with respect to the total of 100
parts by weight of the components (A) to (C), more preferably less than 50 parts by weight.

[0055] Suitable additives include flame retardants such as halogenated flame retardants, phosphate flame retardants,
etc.; flame retardant synergists such as Sb,05 etc.; lubricants such as mineral oil, etc.; plasticizers such as phthalic acid
esters, etc.; as well as dyes, pigments, antistatic reagents, antioxidants, weatherability reagents, etc. There is no particular
restriction on the quantity of these additives as long as it does not interfere with melt flow and kneadability of the resin
composition.

Preparation of resin composition

[0056] There is no particular restriction on the method that is used to manufacture the resin composition, and usual
methods can be satisfactorily used, however, the common melt mixing method may be used. Moreover, solvent can
also be used in a small quantity, however, it is generally not required. Examples of suitable mixing equipment include
extruders, Banbury mixers, rollers, kneaders, etc., and these can be operated in batch or continuous mode. Also, there
is no particular restriction over the order of mixing of the components.

[0057] For example, in the case of carrying out melt kneading using an extruder or the like, either all the components
can be compounded and kneaded, or multiple feed ports can be set up in one extrusion machine with orderly feeding
of more than one type of component. The resin composition obtained by carrying out melt kneading can be directly used
as is for covering the pipe of the present invention, or it may first be cooled and solidified to make pellets, powder, etc.,
and then additives may once again be added as needed before it is melt kneaded again.

Covering of pipe

[0058] Covering of the pipe with the resin composition mentioned above can be carried out by using any desired
covering method previously used for resin covering of steel material.

[0059] Moreover, as regards the pipe, pipe used for tap water, pipe used for gas, etc., can be used, and it may be a
straight pipe or include pipe coupling. The pipe of the present invention can be made formed from steel material or
concrete, as well as from resins such as poly(vinyl chloride), etc.

[0060] The pipe to be covered can be pre-treated as per common methods. For example, in the case of steel material,
pre-treatments may include fat removing, acid washing, shot blast, etc., carried out for surface cleaning; chromate
treatment or phosphoric acid salt treatment, etc. carried out for improving the corrosion resistance; and combinations
thereof.

[0061] Also, regarding the adhesion characteristic of the resin composition, an adhesive layer can be interposed
between the covering layer and pipe part material in order to increase adhesion strength, as needed. This adhesive
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layer may be formed by coating, for example, epoxy resin primer on the surface of the pipe part material, then backing
and drying it. Also, an adhesive thermoplastic resin such as a thin film of polyethylene modified by an organic acid such
as maleic acid, fumaric acid, etc., or an organic acid anhydride may be covered on the pipe beforehand as the adhesive
layer.

[0062] Methods used for covering the pipe with the resin composition mentioned above include (i) a film covering
method in which the resin composition is molded into film form by melting it and then carrying out extrusion molding,
and after this, covering the pipe part material by this film, (ii) an extrusion covering method in which the melted resin
composition obtained from the extruder is extruded into film form, and then it is covered on the surface of the pipe part
material such as steel pipe etc., (iii) an injection molding method in which a contact covering layer is formed by injection
molding (insert molding of pipe part material), (iv) a flow dipping method in which the pre-heated pipe part material is
dipped into the flow layer made into the flow state by carrying out air shooting on powder form resin composition and
then, covering the resin composition, (v) a spray covering method in which a powdered resin composition is sprayed on
the pre-heated pipe part material by using an electrostatic powder gun, (vi) a coating method in which the resin composition
is dissolved in a non-aqueous solvent in which it soluble and the surface coat is coated and covered, etc. For covering
of pipe having small diameter, it may be preferred to use the film covering method, extrusion covering method, injection
molding method, or the flow dipping method. In case of the extrusion covering method, any styles such as circular style
or T style can be used, however, generally, circular style is preferred for small-sized pipe part material such as pipe
having small diameter, etc., and T style is appropriate to be used in case of large-sized pipe part material such as pipe
having a large diameter.

[0063] Among the covering methods described above, covering may preferably use a film formed from the resin
composition or and injection molded product of the resin composition.

[0064] There is no particular restriction over the position of the covering on the pipe. In particular, the entire surface
of the pipe part material is not necessarily required to be covered with the PPE resin composition, and at least a part of
the surface can be covered. For example, in the case of straight pipe, the external surface is generally covered with the
PPE resin composition. The internal surface can be untreated, treated with other than the resin coating, or covered with
the resin composition.

[0065] There is no particular restriction on the thickness of the covering layer as long as the thickness that does not
get damaged easily. Generally, thicknesses are within the range from 0.05 to 20 mm, preferably within the range from
0.1to 10 mm.

[0066] There is no particular restriction on the use of the corrosion-resistant pipe of the present invention. However,
since it has excellent corrosion- resistance, weatherability, flame retardance, impact resistance, and strength, it can be
used in different environments. A preferred use of the corrosion-resistant pipe is as a gas pipe having a small diameter.
Namely, the gas pipe having a small diameter can be used underground, indoors or outdoors as the underground service
pipe of a house or building, as an overhead pipe, or as an indoor pipe. The corrosion-resistant pipe may be used in
places that previously employed polyethylene covered steel pipes, zinc plated steel pipes, and salt covered steel pipes.
Replacement of these various older types of pipes with the corrosion-resistant pipe of the present invention is advanta-
geous from manufacturing and economic points of view.

[0067] The corrosion-resistant pipe of the invention exhibits high heat resistance, excellent flame retardance, corrosion
resistance, chemical resistance, insulation properties, and sufficiently high adhesion to the steel pipe. It also is economical
to produce and use.

[0068] The corrosion-resistant pipe has remarkably high corrosion resistance due to high adhesion strength between
the protective layer and the steel pipe, and the high corrosion resistance can be exhibited in any environment such as
underground, outdoors, or indoors.

[0069] The presentinvention has been explained below in further detail with the help of practical examples. However,
the present invention is not restricted only to these practical examples.

PRACTICAL EXAMPLES 1-3, COMPARATIVE EXAMPLES 1-4

Component (A): Polyphenylene ether resin (PPE)

[0070] Poly (2,6 -dimethyl-1, 4 - phenylene ether) (Nippon GE Plastics Kabushiki Kaisha) having an intrinsic viscosity
of 0.46 dl/g.

Component (B): Polystyrene resin

[0071] Polystyrene resin (Dainippon Ink Kagaku Kabushiki Kaisha) having a melt flow rate (MFR) of 8 g/10 min at
200°C and a load of 5 kg.
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Component (C): Polyolefin resin

[0072]

(C-1) Homopolypropylene resin (homo PP) (Grand Polypro Kabushiki Kaisha product no. J106) having an MFR of
15 g/10 min at 230°C and a load of 2.16 kg.

(C-2) Block polypropylene resin (block PP) (Grand Polypro Kabushiki Kaisha, product no. J708) having an MFR of
45 g/10 min at 230°C and a load of 2.16 kg.

Component (D): Compatibility reagent

[0073] Hydrogenated styrene - butadiene - styrene block copolymer having a styrene content of 67% of the total
copolymer (SEBS) (Asahi Kasei Kabushiki Kaisha, product no. TUFTEC H1043)

Component (E): Impact Modifier

[0074]

(E-1) Styrene - butadiene - styrene block copolymer having styrene content of 31 % of the total copolymer (SBS)
(Shell Kabushiki Kaisha, product no. KRATON D1101)

(E-2) Ethylene - butene copolymer (EBM) (Exxon Kabushiki Kaisha, product no. EXACT 4033) having an MFR of
0.8 g/10 min at 190°C and a load of 2.16 kg.

Preparation of composition:

[0075] Each of the materials mentioned above was used and the compositions given in Table 1 were extruded using
a twin-screw extruder at 200 rpm and a barrel set temperature between 270 and 280°C; pellets were prepared by cutting.
[0076] The pellets thus prepared were used arid test plates were molded using an 80 t injection molding machine
made by Toyo Kikai Kinzoku Kabushiki Kaisha. The molding conditions were set at a barrel temperature of 260°C and
a metallic mold temperature of 60°C. Mechanical properties such as Izod impact strength, tensile strength, etc. were
evaluated as per ASTM standard.

Chemical resistance characteristic test

[0077] The ASTM-1 test plates obtained by injection molding of each sample were fixed to the condition of warp being
setto | % using the warp tool and rust prevention reagent and cutting oil were coated on their surface. Go Kogyo Kabushiki
Kaisha product no. CRC5-56 was used as the rust prevention reagent and Yushiro Kagaku Kabushiki Kaisha product
no. Silocat UB75 was used as the cutting oil. Samples were kept undisturbed at room temperature as well as at 65°C
for 72 hours after which the presence of generation of cracks on the surface of the test material was visually observed.
[0078] The results have been presented in Table 1 given below.

Evaluation of pipe:

[0079] Resin covering was carried out on the pipe coupling using pipes having a diameter of 1.5 inch by insert molding
method using the composition mentioned above and drop test and chemical resistance characteristic test (rust prevention
reagent and cutting oil) were performed using the resulting resin covered pipes.

[0080] In Practical Examples 1 to 3, no warps of the resin covering were observed in any of the tests, and covering
of the pipe was maintained. On the other hand, in the Comparative Example 1, warps formed in the chemical resistance
characteristic test, and also, in the Comparative Examples 2, 3 and 4, the resin covering formed warps in the drop test
and it did not maintain its covering of the pipe.

[Table 1]

[0081]
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Table 1
Practical Practical Practical
example 1 example 2 example 3
Composition A-1: PPE 45 30 15
B-1:PS 18 20 20
C-1: PP homo 20 40
C-2 : PP block 45
D-1: SEBS 10 5 10
E-1:SBS 7
E-2: EBR 5 10
Composition Izod impact ASTM D Kg.cm/cm | 25 8 40
characteristics | strength
Tensile ASTMD Kg/ cm?2 480 440 360
strength
Pipe Chemical Rust prevention reagent OK OK OK
resistance ¢ ing oil oK oK oK
characteristic

10
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Table 1continued
Comparative Comparative Comparative Comparative
example 1 example 2 example 3 example 4
Composition A-1: PPE 45 30
B-1:PS 55 25
C-1: PP homo 100 45
C-2 : PP block 100
D-1: SEBS
E-1:8BS
E-2:EBR
Composition Izod impact strength | AST M D Kg.cm/cm | 18 2 7 2
characteristcs Tensile strength AST MD Kglcm2 | 630 370 250 470
Pipe Chemicalresistance | Rust prevention reagent NG OK OK OK
characteristic Cutting oil NG oK oK oK

La8L6 viv L d3
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[0082] As is clear from the table given above, the corrosion-resistant pipe of the present invention has excellent
chemical resistance and, moreover, has excellent impact resistance and tensile strength.

[0083] In summary, the present invention provides a resin-covered, corrosion-resistant pipe having high heat resist-
ance, and excellent flame retardance, corrosion resistance, chemical resistance, and insulation properties, as well as
sufficiently high adhesion between the protective resin layer and excellent economic characteristics.

Claims
1. A corrosion-resistant pipe, comprising:

a pipe; and
a protective layer covering a surface of the pipe, the protective layer comprising

(A) 1 to 98 parts by weight of a polyphenylene ether resin;

(B) 1 to 98 parts by weight of a polystyrene resin;

(C) 1 to 98 parts by weight of a polyolefin resin;

wherein the total of (A), (B), and (C) is 100 parts by weight; and

(D) 0.1 to 100 parts by weight of a compatibility reagent per 100 total parts by weight of (A), (B), and (C),
wherein the compatibility reagent is a hydrogenated styrene-diene block copolymer having a styrene content
greater than 60% by weight.

2. The corrosion-resistant pipe of Claim 1, wherein the polystyrene resin amount is at least 10% by weight of the total
of the polyphenylene ether resin amount and the polystyrene resin amount.

3. The corrosion-resistant pipe of Claim 1. wherein the polyolefin resin is polypropylene.
4. The corrosion-resistant pipe of Claim 1, wherein the protective layer has a thickness of 0.05 to 20 millimeters.
5. The corrosion-resistant pipe of Claim 1, wherein the pipe comprises steel, concrete, or poly(vinyl chloride).

6. The corrosion-resistant pipe of Claim 1, further comprising an adhesive layer interposed between the pipe and the
protective layer.

7. A method of protecting a pipe from corrosion, comprising:
covering a surface of the pipe with a protective layer comprising

(A) 1 to 98 parts by weight of a polyphenylene ether resin;

(B) 1 to 98 parts by weight of a polystyrene resin;

(C) 1 to 98 parts by weight of a polyolefin resin;

wherein the total of (A), (B), and (C) is 100 parts by weight; and

(D) 0.1 to 100 parts by weight of a compatibility reagent per 100 total parts by weight of (A), (B), and (C),
wherein the compatibility reagent is a hydrogenated styrene-diene block copolymer having a styrene content
greater than 60% by weight.

Patentanspriiche

1. Korrosionsbestandige Leitung, umfassend
eine Leitung; und
eine Schutzschicht, die eine Oberflache der Leitung bedeckt, wobei die Schutzschicht umfasst:

(A) 1 bis 98 Gewichtsteile eines Polyphenylenetherharzes;

(B) 1 bis 98 Gewichtsteile eines Polystyrolharzes;

(C) 1 bis 98 Gewichtsteile eines Polyolefinharzes;

wobei das Gesamte von (A), (B) und (C) 100 Gewichtsteile betragt; und

(D) 0,1 bis 100 Gewichtsteile eines Vertraglichkeitsreagenzes pro 100 Gesamtgewichtsteile von (A), (B) und

12
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(C), wobei das Vertraglichkeitsreagenz ein hydriertes Styrol-Dien-Blockcopolymer mit einem Styrolgehalt von
gréRer als 60 Gew.-% ist.

Korrosionsbestandige Leitung nach Anspruch 1, wobei die Polystyrolharzmenge mindestens 10 Gew.-% des Ge-
samten der Polyphenylenetherharzmenge und der Polystyrolharzmenge betragt.

Korrosionsbestandige Leitung nach Anspruch 1, wobei das Polyolefinharz Polypropylen ist.

Korrosionsbestéandige Leitung nach Anspruch 1, wobei die Schutzschicht eine Dicke von 0,05 bis 20 Millimeter
aufweist.

Korrosionsbestandige Leitung nach Anspruch 1, wobei die Leitung Stahl, Beton oder Poly(vinylchlorid) umfasst.

Korrosionsbestéandige Leitung nach Anspruch 1, des Weiteren umfassend eine zwischen der Leitung und der Schutz-
schicht eingefligte Haftschicht.

Verfahren zum Schiitzen einer Leitung vor Korrosion, umfassend:
Bedecken einer Oberflache der Leitung mit einer Schutzschicht, umfassend

(A) 1 bis 98 Gewichtsteile eines Polyphenylenetherharzes;

(B) 1 bis 98 Gewichtsteile eines Polystyrolharzes;

(C) 1 bis 98 Gewichtsteile eines Polyolefinharzes;

wobei das Gesamte von (A), (B) und (C) 100 Gewichtsteile betragt; und

(D) 0,1 bis 100 Gewichtsteile eines Vertraglichkeitsreagenzes pro 100 Gesamtgewichtsteile von (A), (B)
und (C), wobei das Vertraglichkeitsreagenz ein hydriertes Styrol-Dien-Blockcopolymer mit einem Styrolge-
halt von gréRer als 60 Gew.-% ist.

Revendications

1.

Un tube résistant a la corrosion, comprenant :

un tube ; et
une couche protectrice recouvrant une surface du tube, la couche protectrice comprenant :

(A) 1 a 98 parties en poids d'une résine d’'éther de polyphényléne ;
(B) 1 a 98 parties en poids d'une résine de polystyréne ;

(C) 1 a 98 parties en poids d'une résine de polyoléfine ; le total de (A), (B) et (C) étant de 100 parties en
poids ; et

(D) 0,1 a 100 parties en poids d’un réactif de compatibilité pour 100 parties totales en poids de (A), (B) et
(C), le réactif de compatibilité étant un copolymeére a blocs styréne-diéne hydrogéné ayant une teneur en

styréne supérieure a 60 % en poids.
Le tube résistant a la corrosion de la revendication 1, dans lequel la quantité de résine de polystyréne est d’au
moins 10 % en poids du total de la quantité de résine d’éther de polyphényléne et de la quantité de résine de
polystyréne.

Le tube résistant a la corrosion de la revendication 1, dans lequel la résine de polyoléfine est le polypropylene.

Le tube résistant a la corrosion de la revendication 1, dans lequel la couche protectrice présente une épaisseur de
0,05 a 20 millimétres.

Le tube résistant a la corrosion de la revendication 1, dans lequel le tube comprend de I'acier, du béton ou du poly
(chlorure de vinyle).

Le tube résistant a la corrosion de la revendication 1, comprenant en outre une couche adhésive interposée entre
le tube et la couche protectrice.

13
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7. Un procédé de protection d’'un tube contre la corrosion, comprenant :
le recouvrement d’une surface du tube avec une couche protectrice comprenant :

(A) 1 a 98 parties en poids d’une résine d’éther de polyphényléne ;

(B) 1 a 98 parties en poids d’une résine de polystyréne ;

(C) 1 a 98 parties en poids d’une résine de polyoléfine ; le total de (A), (B) et (C) étant de 100 parties en
poids ; et

(D) 0,1 a 100 parties en poids d’un réactif de compatibilité pour 100 parties totales en poids de (A), (B) et
(C), le réactif de compatibilité étant un copolymere a blocs styréne-diéne hydrogéné ayant une teneur en
styréne supérieure a 60 % en poids.

14
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